Perspectives From the Literature
Because pilot studies are so useful, a common question from students and researchers is "How many participants do I need for my pilot study?" This is a difficult question to answer. The number of participants recommended for a pilot study is influenced by many factors and is less straightforward than determining the sample size needed to detect a particular effect, given the level of significance and desired power for the statistical analysis.
Social science literature has surprisingly few sample size recommendations for pilot studies, given the popularity of the pilot. However, some relevant articles bring attention to the matter. For example, in a discussion of exploratory and pilot studies, Isaac and Michael (1995) suggested that "samples with N's between 10 and 30 have many practical advantages" (p. 101), including simplicity, easy calculation, and the ability to test hypotheses, yet "overlook weak treatment effects." For similar reasons, Hill (1998) suggested 10 to 30 participants for pilots in survey research. van Belle (2002) suggested that researchers "use at least 12 observations in constructing a confidence interval" (p. 11). In the medical field, Julious (2005) reiterated that "a minimum of 12 subjects per group be considered for pilot studies" (p. 291). Treece and Treece (1982) , referring to piloting an instrument, noted that for a project with "100 people as the sample, a pilot study participation of 10 subjects should be a reasonable number" (p. 176) but were not clear whether this meant 10 cases or 10% of the project sample size.
Bootstrapped confidence intervals from pilot study data may be useful for a variety of purposes, particularly when more than a point estimate is required. Mooney and Duval (1993) noted that bootstrapped approximations of parameter estimates and confidence intervals are considered relatively high quality "when n reaches the range of 30-50, and when the sampling procedure is truly random" (p. 21). That is, N = 30 is recognized as a reasonable minimum sample size for bootstrapped confidence intervals. Hertzog (2008) made several different recommendations for sample size depending on the purpose of the pilot study in her recent and comprehensive article. For a feasibility study, her recommendations were, "samples as small as 10-15 per group sometimes being sufficient" (p. 190). For instrument development, her recommendation was 25 to 40. Hertzog recommended 20 to 25 for intervention efficacy pilots, given reasonable effect sizes, but 30 to 40 per group for pilot studies comparing groups.
Because we want both accurate and precise parameter estimates from pilot studies, we need samples that are both representative of the population and sufficiently large, respectively. The implication is that we need to conduct pilot studies with a sufficient number of participants who serve as an accurate representation of our population of interest. Although the focus of the more current literature on pilot studies has been on sample sizes needed for precision, the nature of the sample, rather than its size, has the largest impact on accuracy of parameter estimates. For example, the accuracy of pilot study results becomes questionable when unrepresentative samples Educational and Psychological Measurement 70(3) are used. Pilot studies that use relatively homogeneous and convenient samples may not represent the population we wish to study and may lead to biased estimates. Such samples (e.g., college sophomores) are clearly suspect for use in effect size estimation but may also be unsuitable for instrument development when the instrument will be used with a very different audience. We should also have a representative sample for the more subjective feedback on instrument clarity, completeness, language, and so forth. Light, Singer, and Willett (1990) stated the following:
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One facet of a measurement pilot must not be compromised: the sample design. Be sure the sample in your pilot fully represents your chosen target population. You must evaluate your instruments in a context that makes the results of the pilot directly generalizable to your ultimate study. Reliability and validity coefficients must be portable between the pilot and future studies. (pp. 215-216) Biased estimates may also arise when estimating effect sizes using published literature. One particular problem is publication bias in favor of studies showing statistical significance and, hence, the presence of overly large effect sizes (Hedges & Vevea, 1996) . This is sometimes used as an argument for conducting a pilot study with a randomly selected portion of the sampling frame rather than relying on the literature for effect size estimation so as to better represent the population of interest for the larger study.
This purpose of this article is to address initial instrument or scale development. This would include preliminary item analyses, estimates of internal consistency, and proportions of persons responding to particular options. We will not address many of the common validity issues (such as dimensionality, group differences, and multitraitmultimethod analyses), because appropriate analyses for validity studies would clearly require larger samples than commonly used in pilot studies for initial instrument development. A comprehensive item analysis should be conducted with larger samples as well, perhaps N = 100 to 200 (Crocker & Algina, 1986) .
Method
The primary approach we used was a cost-benefit analysis, similar to Julious (2005) , where we identified that point at which a sample size increment produced a notably lesser effect in estimating relevant population parameters. Our criterion was relative efficiency. Note that all of our results are theoretical. In particular, graphs were constructed from formulas; data were neither collected nor analyzed.
For pilot item analyses, researchers might use (corrected) correlations between item responses and total scale scores as item discrimination indices. These discrimination indices are often simple Pearson correlations, whereas Cronbach's coefficient alpha is arguably the most commonly reported measure of internal consistency in survey research.
Results
Figure 1 was constructed using a program from Lowry (2008) and shows the impact of increasing sample size on the length of the confidence interval for Pearson correlations. From Figure 1 , we see that as sample sizes increase from 24 to 30 and from 30 to 36, there is a decided flattening of the curve that suggests a loss of impact of sample size on the change in the length of the confidence interval, regardless of the magnitude of the correlation. If you have a predetermined level of precision, then you could use a program like Lowry's to choose your sample size, based on the desired standard error or confidence interval width. If you do not have a predetermined level of precision, then finding that point where the increase in precision is minimal (e.g., 24-36) may be a reasonable solution. Figure 2 shows a similar pattern for confidence intervals about estimates of a proportion. Proportions are relevant when the purpose is to estimate response rates or the 
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fraction of respondents choosing a particular option for an item. For binary response items, item difficulties or item means are proportions. As with correlations, the patterns do not differ very much with the magnitude of the proportion and show noticeable leveling in the intervals between N = 24 to 30 and N = 30 to 36.
Confidence intervals for the reliability coefficients were generated using formulas in Fan and Thompson (2001) and Feldt, Woodruff, and Salih (1987) . Notice that Figure 3 also indicates transition points in the same range that we found for correlations and proportions, namely, N = 24 to 30 and N = 30 to 36, no matter the number of items. This observation is confirmed to some extent by Duhachek and Iacobucci (2004) 
Discussion
Pilot study sample size will depend on the particular purpose of the pilot study. What should be the sample size recommendation for pilot studies for initial scale development given a criterion of maximum information with minimum cost? Because the precision of our parameter estimates increases as sample size increases, all else being equal, larger samples are always better. The rate of increase in precision, however, is nonlinear, and we recommend that this information be used to help with this decision. If pressed for a single point estimate, we would suggest that 30 representative participants from the population of interest is a reasonable minimum recommendation for a pilot study where the purpose is preliminary survey or scale development. Both the existing literature and our current investigation of confidence intervals converge nicely to this recommendation, and the redundancy in our plots serves to emphasize this consistency. An interval estimate of 24 to 36 is also supported by both our results and the existing literature in this area, where several scholars, for example, have recommended N = 12 per group in studies in studies where two or three groups might be expected.
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